Hydronephrosis is a sign of advanced stage disease in patients with cervical cancer. Its presence is believed to negatively affect the survival of patients. To date, however, consensus in this field is still lacking. The purpose of the present systematic review is to gather the available data and to provide directions for future research in the field. We systematically searched Medline, Scopus, Clinicaltrials.gov, EMBASE, Cochrane Central Register of Controlled Trials CENTRA and Google Scholar databases from inception till June 2018. Overall, 22 studies were included in the present systematic review that evaluated outcomes from 8521 patients with cervical cancer. The findings of our systematic review support that hydronephrosis negatively affects the overall survival of cervical cancer patients. Specifically, the reported 5-year OS hazards ratio for hydronephrosis ranged between 1.34 and 3.74. Outcomes concerning the disease-free survival of these patients were, however, less discrete. None of the included studies reported whether the decreased survival of patients with hydronephrosis was attributed to complications of obstructive uropathy such as uremia and sepsis. Thus, it remains, to date, unclear whether placement of ureteral stents or percutaneous nephrostomy may actually benefit these patients. More studies are needed to evaluate the actual impact of hydronephrosis on survival rates at the various stages of cervical cancer and to help establish consensus regarding the optimal mode of management of these patients.
Introduction
Cervical cancer has gained significant attention during the last 30 years. Despite the advances in preventing strategies, which nowadays include the nine-valent vaccine and the introduction of the HPV DNA and mRNA tests along with the liquid phase cytology, its prevalence has reached a plateau that is still difficult to reduce. 1 In developing countries, the incidence of cervical cancer is higher. 2 Previous studies have associated age, smoking, presence of lymph node metastases, tumor histology, and serum squamous cell carcinoma levels with the OS of patients with advanced stage disease. [3] [4] [5] The presence of ureteral obstruction and hydronephrosis is a sign of advanced stage disease as it indicates involvement of the parametria. It may be accompanied by electrolyte disorders and high blood urea nitrogen (BUN) and serum creatinine levels. Uraemia may often complicate these cases and can result in deterioration of the patient's consciousness level and even death if left untreated. Ureteral stenting has been suggested as a potential method that could help alleviate obstructive symptoms and improve renal function; however, a previous study suggested that as the malignancy progresses, patients develop chronic kidney disease stage 4 an require further treatment. 6 When stenting is not feasible, percutaneous nephrostomy has been suggested as an alternative mean to help renal function and seems to be promising as a mean that could help complete radiotherapy and chemotherapy. 7, 8 Nevertheless, to date the method that is used to facilitate urinary diversion is highly dependent on physician`s preference as there is an absolute lack of recommendations concerning the management of cancer patients. 9 Moreover, it remains unclear whether the presence of ureteral obstruction and hydronephrosis significantly alters the overall survival of patients with advanced stage cervical cancer. At 1988 Sinistrero et al where the first to investigate survival of patients that were treated with radiotherapy and observed that women with stage T3b cervical cancer (17 patients) and hydronephrosis had lower 5-year survival rates compared to those without hydronephrosis (26% vs 41%). 10 Since then, a significant number of studies have been published in this field. However, despite the fact that hydronephrosis is unanimously considered as a sign that is associated with compromised survival, there is still lack of consensus concerning the management of these patients. The purpose of the present systematic review is to accumulate evidence related to the survival of patients with cervical cancer that have developed hydronephrosis and to provide directions for future research concerning their management.
Materials and methods
The present systematic review was designed according to the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines. 11
Information sources and search methods
We used the Medline (Figure 1) .
The studies were selected in three consecutive stages. Following deduplication, the titles and abstracts of all electronic articles were screened by two authors (I.B. and G.D.) to assess their eligibility. The decision for inclusion of studies in the present systematic review was taken after retrieving and reviewing the full text of articles that considered as potentially eligible. Potential discrepancies in this latter stage were resolved by the consensus of all authors.
Study selection

Types of studies and patients
The eligibility criteria for the inclusion of studies were predetermined. No language restrictions were applied. All observational studies as well as randomized trials that evaluated the impact of hydronephrosis on survival of patients with cervical cancer were included in the present systematic review. Patients at any stage of the disease where considered as eligible for inclusion as hydronephrosis. Conference abstracts were also considered as eligible and tabulated. Case reports, small case series (<30 cases) as well as experimental animal studies and reviews were not included in the present systematic review.
Investigated outcomes
The 5-year OS rates were predefined as the primary outcome of the present systematic review; whereas OS rates for a time interval that was shorter were defined as a secondary outcome. Disease free survival (DFS) rates and absolute differences in mean survival were also considered as secondary outcomes.
Quality and risk of bias assessment
The risk of bias and methodological quality of the included studies was explored using the Newcastle-Ottawa Scale (NOS), which evaluates the selection of the study groups, the comparability of the groups and the ascertainment of the exposure or outcome of interest. 12
Results
Overall, 22 studies were included in the present systematic review that evaluated outcomes from 8521 patients with cervical cancer. 10, The majority of included studies was retrospective and their methodological quality was evaluated as moderate-high based on the Newcastle-Ottawa score (Table 1 ). Significant heterogeneity was noted in terms of tumor histology, stage of the disease, tumor size, presence of pelvic wall infiltration, lymph node status and implemented treatment ( Table 2 ). The follow-up period of patient ranged significantly as depicted in Table 1 , and 5-year overall survival rates were available in 12 studies (Table 3 ).
Significant differences in terms of overall survival were noted in the majority of included articles as observed in Table 3 . The reported 5-year OS hazards ratio for hydronephrosis ranged between 1.34 and 3.74. The severity of hydronephrosis and its impact on overall survival was not evaluated among the included articles, however, Goklu et al. observed that the mean survival of patients with unilateral hydronephrosis was significantly larger compared to that of patients with bilateral hydronephrosis (42.2 vs 29.9 months). 18 Patel et al reported that the most prominent symptom of hydronephrosis was urinary tract infection (9 out of 17 patients), accompanied by pain (8 out of 17 patients). 17 In their series they observed that 7 patients developed renal failure with creatinine levels that ranged between 1.7 and 5.6 mg/dL. None of the included studies reported, however, whether the decreased survival of patients with hydronephrosis was attributed to complications of obstructive uropathy such as uremia and sepsis.
Discussion
The findings of our systematic review support that hydronephrosis negatively affects the overall survival of cervical cancer patients. The statistical significance is more prominent when 5-year overall survival rates are investigated, as differences in terms of DFS rates are less obvious. On the other hand it remains, to date, unclear whether the survival of these patients is primarily affected by the presence of hydronephrosis as none of the included studies reported whether the survival rates were affected by the presence of acute renal failure and uremia. Moreover, the actual impact of the stage of the disease is a variable that may significantly contribute to the significant heterogeneity in outcomes that were reported in time intervals that were shorter than 5-years as patients with advanced stage disease are generally expected to have a short OS. At 2015 et al Patel et al reported that the presence of hydronephrosis is an ominous sign that predicts poor 3-year survival rates and that this effect is evident irrespective of the landmark time point that it is diagnosed. 28 A significant aspect that also remains poorly investigated, to date, is whether treatment of hydronephrosis significantly benefits the OS of these patients. At 2005 Wilson et al observed that patients with an underlying gynaecological malignancy where more likely to benefit from percutaneous nephrostomy when ureteric obstruction was observed, compared to patients with primary bladder cancer. 33 To date, the actual overall survival of patients with malignant obstructive uropathy remains extremely limited in patients with gynecological malignancy. At 2006, Radecka et al observed that the median survival of oncological patients (regardless of the underlying primary site of the disease) was 255 days when percutaneous nephrostomy was selected as a treatment optio. 34 Dienstmann et al. investigated the impact of the procedure in 50 patients with recurrent cervical cancer and observed that 60% had an improvement of their renal function and a median decrease of creatinine that reached 2.7 mg/dL (from 6.4 pre-procedure to 3.7 mg/dL post-procedure). 35 Twenty-nine patients (58%) died from renal failure and the median survival was 8.9 weeks. Current evidence remains compelling concerning the optimal route of urinary diversion in patients with malignant ureteral obstruction of gynecological origin as evidence in this field is extremely limited and mainly relies in population with malignant disease of various origin. In a retrospective analysis of patients with extrinsic ureteral obstruction due to advanced malignancy, Ku et al. observed that the possibility of failed diversion was higher when ureteral stenting was performed compared to percutaneous nephrostomy. 36 For this reason, they suggested that patients should be carefully monitored, particularly when ureteral stenting is planned. On the other hand, complications of percutaneous nephrostomy seem to be high as the rates of urinary tract infections range between 20 and 50% and of postoperative ureteral obstruction due to advancing disease of catheter dislodgement between 10 and 40%. 8, 25, [37] [38] [39] Nevertheless, in their majority they seem to be of mild to moderate severity and; thus, do not affect the quality of life of patients. However, since 1996, Emmert et al. suggested that patients with terminal cervical cancer cannot be served satisfactorily by nephrostomy. 40 Gadducci et al. also suggested that the technique has little to offer to patients with recurrent disease; whereas patients with primary disease may be alleviated until definitive treatment with chemo-and radiotherapy is completed. 41 Recently van Aardt confirmed this hypothesis as they also [Oncology Reviews 2019; 13:387]
[page 27] observed that nephrostomy may benefit patients with uremia and primary untreated locally advanced disease, as it may restore blood urea nitrogen levels to normal and; thus, permit the implementation of chemotherapy and radiotherapy that may prolong the survival of these patients. 8 Taking this latter information into account it seems obvious that more information is needed to clarify if obstructive uropathy has the same impact among patients with stage IIb, III and IVa cervical cancer. To date, it is well known that these subgroups of patients have different 5-year survival outcomes and it would be of significant benefit if research would effectively designate whether this is primarily the result of obstructive uropathy, which is generally expected to be more prevalent in patients with stage ≥III disease. Moreover, future studies should investigate the actual impact of hydronephrosis in survival outcomes of patients with recurrent disease and determine if this differ compared to survival rates of patients with primary disease.
Review
Conclusions
The presence of hydronephrosis in cervical cancer patients is a negative sign that predicts poor overall survival. However, to date, it remains unclear, whether treatment of the obstruction may benefit these patients. Limited data support that nephrostomy may restore blood urea nitrogen levels and permit the implementation of chemoradiotherapy, however, further studies are needed in this field to help establish consensuses regarding the optimal mode of treatment of these patients. 
